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(54) Method for producing diene-modif led propylene polymer 

(57) The invention is concerned with a diene modi- 
fied isotactic propylene polymer having a Melt Flow rate 
of from 0.03 to 100 dg/min and a Mw/Mn of from 2.1 to 
30 comprising propylene units, from about 0.00005 to 
about 5 mole percent of alpha-omega-diene units and 
wherein the polymer is essentially gel free as defined 
herein and is prepared using a metallocene catalyst 
system. 
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Description 
Technical Field 

5 SI? e™ 5 T!?™ ™"t to dlene modified V**™"*' ***** dien * modified propylenes, which are pro- 
n^T 9 ^T" 6 Ci Sft iplBma The 50 pr0duced ■** rnelt strength and shear Sin- 

3 W6i9ht diStribUti ° n 35 to ^ Zeigler Natta 

PgcKgrwod 

E!LS^!IIf telat ^ P ? ymerS ^ fcno " n t0 h3Ve l0wme,t Stren9th - ™ s isa significant deficiency in key 
aPPhcaton areas such as thermoforming and Wow molding. Polyethylene on the other hand is used extensively in blown 

sag .n sheet extrus,on^aprd thinning of walls in parts thermoformed in the melt phase, low drawdown ratios in extru- 
aon coating, poor bubble formation in extrusion foam materials, and relative weakness in large-part Wow mWdino 

^ t0 ^ — Powers havmg iSt^ 

well as commercially valuaWe processability. 

I^ ] k J" Creasi " 9 1,16 "l eh f 6 "^ * P 0 '^ such as polypropylene has been an industrial goal for well over ten 
yeans, however, success has been limited. The desirable properties that have made lew density polyethylene commer- 
ctally successful are attnbuted in large part to high melt strength and excellent processability. Both of these properties 
wnditio^ to PreSe " Ce * ,0 " 9 Chai " branChinfl is to occur under high pressure polymerization 

[0004] There has been some success in increasing the melt strength of polypropylene. For example EP 190 889 A2 
f'ff^f, hl9h K ene [^ i,radiation <* PCypropylene to create what is believed to be polypropylene having substantial 
free-end long branches of propylene units. EP 384 431 discloses the use of peroxide decomposition of polypropylene 
in the substantial absence of oxygen to obtain a similar product nvosraon oi polypropylene 

iS^^S S'i 6 ^ T CS S yS,S haVe 0660 used to coPO'^erize propylene with a^dienes in order to 
wSn »^ ? S*™* 7,1,8 " deSCribed in U.S. patent application serial number 519.616 

££Z!£ P0, T er , 18 f"*' 1 " 1 U & ^ No - 3 ' 351 - 621 al *> describes the copolymerizalion of 

2E?S! U8 ' n9 8 Ze>9ler " Natta CaSaiyS[ 71,656 Zeigler-Natta catalyzed copolymers Zd exhibit prop- 

w ?£T fl^T^" 1 thr0Uflh PO'y" 16 ^^ 01 °™ olefin, with the second olefin remaining in the side chain 
for further funct.onal.zat.on , or in rare cases for complete cross-linking. Meh strength, therefore, is not substantially 
improved. Thus, there is stall a need for propylene polymers having improved melt strength and good processability. 

Summary 

[0006] This invention relates to diene-modified polymers, particularly diene-modified propylene polymers, and to 
methods for producing such polymers. More specifically, the invention relates to a method for producing diene-modified 
m 1^JT P T 0 C ° n * inin9 in 3 reaction zone und6r ****** reaction conditions, an aJpha-olefin 
S^^" 93 . 6aSt3ra ^ natoTC,adiene ^ iChiS ^^^ 

rl^T 8,50 PrWided wherein tne P° , y m6r oo^es ^ a-olefin monomer having at teastthree 

carbon atoms, from about .00005 to about 5 mole percent diene based on the total weight of the polymer and wherein 
the polymer .s essentially gel-free and is prepared using a metallocene catalyst system 

I°007] Tim mention also relates to an irradiated copolymer composition and method for producing the copolymer 

^Xn™. J™ ZOZ* * ene COmonomers ' and a neocene catalyst system; and (2) irradiating the 

resufbng copolymer. In this embodiment, the diene is preferably a non a-c»-diene. 

Brief Description of the n^win^ 



[0008] 



Figure 1 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and the shear thinning 

t^Z£*7*T r 0lyme L m0d " ed 118 and 164 010,6 1.13-teiadecadiene as Z^b 

homopolypropylene (polymerized at 40° C). 
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Figure 2 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and the shear thinning 
. behavior for propylene polymer modified with .0094, .141 and .164 mole percent 1,1 3-tetradecadiene as conpared 
to propylene homopolymer (polymerized at 60°C). 

£ Figure 3 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and the shear thinning 
behavior for propylene polymer modified with .118 and .164 mole percent 1,13-tetradecadiene as compared to 
homopolypropylene (polymerized at 40°C). 

Figure 4 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and the shear thinning 
io behavior for propylene polymer modified with .141 mole percent 1 ,9-decadiene, 1 7-octadiene, and norbornadiene 
as compared to propylene homopolymer (polymerized at 40° C). 

Figure 5 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and shear thinning 
behavior for propylene polymer modified with 1. 7-octadiene (.141 mole %) and a propylene polymer modified with 
is 1 , 1 3-tetradecadiene (.118 Mole %) as compared to propylene homopolymer. 

Figure 6 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and shear thinning 
behavior for propylene polymer modified with 1 ,1 3-tetradecadiene using a traditional Zeigler Natta catalyst system. 

20 Figure 7 is a graphic illustration of the relationship bewteen viscosity and frequency (rad/s) and shear thinning 
behavior for propylene polymer modified with 1. 7-octadiene (.0079 mole %) and propylene polymer modified with 
1 ,1 3-tetradecadiene (.0047 mole %) as compared to homopolymer. 

Detailed Description 

25 

[0009] One method of the invention comprises combining in a reaction zone one or more a-olefin monomers having 
from two to eight carbon atoms, one or more dienes. and a metallocene catalyst system under suitable polymerization 
conditions to produce a diene modified polymer. 

[0010] The a-olefins useful in this method of the invention preferably have from three to eight carbon atoms, more 
30 preferably three, four, five and/or six carbon atoms, and most preferably three carbon atoms. These monomers are 
copolymerized with one or more dienes using a metallocene catalyst system. The dienes may be linear, cyclic, and/or 
mufticydic including conjugated linear dienes and fused and non-fused cyclic dienes. In one embodiment, the dienes 
are preferably a-eo-dienes and/or are selected from the group consisting of 1. 7-octadiene, 1 ,9-decadiene, 1.13-tetra- 
decadicne. 1,8-nonadiene, 1.10-undecadiene. 1.11-dodecadiene, 1.15-hexadecadiene, 1,17-octadecadiene and nor- 
35 bornadiena More preferably the dienes are selected from the group consisting of 1 . 7-octadiene, 1 ,9-decadiene. 1,13- 
tetradecadiene, and norbornadiene. Most preferably, the dienes are selected from the group consisting of 1 ,9,-decadi- 
ene, and 1,13-tetradecadiene. 

[0011] In another embodiment one or more a-olefins are copolymerized with one of more dienes. preferably non-a- 
axJienes. using a metallocene catalyst system. The resulting copolymer is then irradiated. The alpha olefins preferably 

40 have from three to eight carbon atoms, more preferably from three to six carbon atoms, and most preferably three car- 
bon atoms. The dienes may be linear, cyclic, and/or multicyclic including conjugated linear dienes and fused and non- 
fused cyclic dienes. Preferably the dienes are non a-co-dienes and are selected from the group consisting of dicyclopen- 
tadiene, ethylidenenorbornene, 1 ,4-hexadiene. vinyl norbomene, and 5-isopropenyl-2-norbornene. more preferably 
dicydopentadiene, ethylidenenorbornene, 1 ,4-hexadiene, and vinyl norbornene. most preferably dicyclopentadiene, 

45 ethylidenenorbornene, and 1 ,4-hexadiene. 

[0012] The irradiation is preferably carried out using E-beam or gamma irradiation at a dose of about 1 to about 20 
Mrad for a few seconds (up to about 30 seconds). Any type of high energy radiation capable of causing the desired 
chain extension may be used. The polymer may be irradiated in any form such as a powder, granule, pellet, film, molded 
article, fiber, fabric, etc. 

so [001 3] Any metallocene may be used in the present invention. Metallocenes are generally represented by the formula 

Cp m MR n X q 

wherein Cp is a cyclopentadienyi ring or derivative thereof. M is a Group 4. 5.or 6 transition metal, R is a hydrocarbyl 
55 group or hydrocarboxy group having from 1 to 20 carbon atoms, X is a halogen, and m=1 -3; n=0-3. q=0-3. and the sum 
of rrmwq is equal to the oxidation state of the transition metal. The metallocene may be bridged or unbrdged, and 
include heteroatoms in the structure. Examples of metallocenes are discussed in for example, U.S. Patent Nog. 
4,530,914; 4.871,705; 4,937,299; 5,124,418; 5.017,714; 5,120,867; 5,278,119; 5.304.614; 5.324,800; 5,347,025; 
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5.350,723; 5.391,790; and 5.391,789; EP-A- 0 591 756; EP-A-0 520 732; EP-A^O 420 436; WO 91/04257 WO 
93/08221 ; WO 93/08199; and WO 94/01471 each incorporated fully herein by reference. 

[0014] Particularly preferred metallocene components are those that are stereorigid and corrprise a Group 4 5 or 6 
transitoon metal, biscyclopentadienyl derivative, preferably bisindenyl metallocene corrponents having the following 
s general structure: * 
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(R 10 ) 4 



wherein M is a metal of Group 4. 5. or 6 of the Periodic Table, for example titanium, zirconium, hafnium, vanadium 
niobium, tantalum, chromium, molybdenum and tungsten, preferably, zirconium, hafnium and titanium, most pref- 
erably zirconium and hafnium, 

R 1 and R 2 are identical or different, are one of a hydrogen atom, a C,-C 10 alkyl group, preferably a 0,-0, alkyl 
groip a C,-C 10 alkoxy group, preferably a C1-C3 alkoxy group, a C 6 -C 10 aryl group, preferably a C 6 -C 8 aryl group 
a C6-C 10 aryloxy group, preferably a C 6 -C 8 aryloxy group, a Ordo alkenyl group, preferably a alkenyl group 
a C7-C40 arylalkyl group, preferably a C7-C 10 arylalkyl group, a CrC 40 alkylaryl group, preferably a 0,-0,2 alkylaryl 
groip. a C 8 -C4o arylalkenyl group, preferably a C 8 -C 12 arylalkenyl group, or a halogen atom, preferably chlorine; 

R 3 and R 4 are hydrogen atoms; 

R 6 and R 6 are identical or different preferably identical, are one of a hydrogen atom, halogen atom, preferably a 
f luonne. chlonne or bromine atom, a 0,-0,0 alkyl group, preferably a C,-C 4 alkyl group, which may be halogenated 
a Cs-Ck, aryl group, which may be halogenated. preferably a Cs-C 8 aryl group, a C2-C 10 alkenyl group, preferably 
a 02-64 alkenyl group, a C7-C40 -arylalkyl group, preferably a C7-C 10 arylalkyl group, a 07-040 alkylaryl group, pref- 
erably a Ct-0,2 alkylaryl group, a Cs-C^ arylalkenyl group, preferably a C 8 -C, 2 arylalkenyl group, a -NR 2 15 -SR 15 
-OR . .OSR3 or -PRa radical, wherein R 15 is one of a halogen atom, preferably a chlorine atom, a C,-C 10 alkyl 
groip. preferably e C-O3 alkyl group, or a Cg-0,0 aryl group, preferably a Cg-Cg aryl group- 



so 
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is 



so 



25 



R 7 is 

R 11 R11 R11 R 11 



M 2 , ^2 . M 2 (CR 2 1 3 > 

I II I 

R 12 R12 R 12 R 12 

: R 11 R11 R11 

L i.i. 

O M 2 O . C . O M2 



R 12 R12 R12 

»BRl UAR», -Gt-, -Sn-, -0-. -S-, « SO, -SO2. "NR 11 , -CO, PR». or «P(0)Rl 



wherein: 

30 R 1 \ R 12 and R 13 are identical or different and are a hydrogen atom, a halogen atom, a (VC20 alkyl group, prefer- 
ably a C r C 10 alkyl group, a (VC20 fluoroalkyl group, preferably a C r C 10 fluoroalkyl group, a (VC30 aryl group, 
preferably a C 6 -C2 0 aryl group, a Ce-C^ fluoroaryl group, preferably a Ce-C^ fluoroaryl group, a C^o alkoxy 
group, preferably a C r C 10 alkoxy group, a C2-C20 ^teny\ 9tolp, preferably a C2-C 10 alkenyl group, a Cy-C^ ary- 
lalkyl group, preferably a C7-C20 aryialkyl group, a C 8 -C^ arylalkenyl group, preferably a C 8 -C2 2 arylalkenyl group. 

35 a C7-C40 alkylaryl group, preferably a C7-C20 alkylaryl group or R 11 and R 12 , or R 11 and R 13 , together with the 
atoms binding them, can form ring systems; 

M 2 is silicon, germanium or tin, preferably silicon or germanium, most preferably silicon; 

40 R 8 and R 9 are identical or different and have the meanings stated for R 1 1 ; 

m and n are identical or different and are zero, 1 or 2, preferably zero or 1 , m plus n being zero, 1 or 2, preferably 
zero or 1 ; and 

45 the radicals R 10 are identical or different and have the meanings stated for R 1 1 , R 12 and R 13 . Two adjacent R 10 rad- 
icals can be joined together to form a ring system, preferably a ring system containing from about 4-6 carbon 
atoms. 

[001 5] Alkyl refers to straight or branched chain substituents. Halogen (halogenated) is fluorine, chlorine, bromine or 
so iodine atoms, preferably fluorine or chlorine. 

[001 6] Particularly preferred metallocenes are compounds of the structures: 



55 
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R8R9C 



10 



15 



20 



R11R12 C 




(R10) 4 



(A) 



(R10) 4 




(R10)4 



(B) 



(R 10 )4 



wherein: 



25 



30 



35 



40 



45 



SO 



M 1 is 2r or Hf. R 1 and R 2 are methyl or chlorine, and R 5 , R 6 R* r9 r io r ii ^ R 1 2 have ^ above-mentioned 
meanings. 

H 1 ?!, Chiral me w te "° Cene t may be US8d asa racemate for thepreparation of highly isotactic polypropylene copol- 
eosomenc forms. Preferably the meso form of the metallocene is removed to ensure the center (i.e.. the metal atom) 

F^^ ^rf^^ 0 " S6Pa J rati0n 01 can be accomplished by known literature tech- 

niques. For special products it is also possible to use rac/meso mixtures 

^ZllV^ m Jf ,l °L enes are P"**"* ^ a multi-step process involving repeated deprotonations/metalla- 

?^SS^t W ? , ^ odurton 01 brid 9 e and 106 c «**' atom by their halogen derivatives. The «- 
lowing reaction scheme illustrates this generic approach: 



H2R c + ButyILi 



~> HRCLi 



X^CR8rVR 7 -(CR8rVX 
_> 

H2R d + Butym > HR d Li 

HRMCRSRV^-CCRSR^n-RdH 2 Butyl Li 

-> 

LJRC-(CR8RVR 7 -(CR 8 RVR d Li MlCl 4 

_> 
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10 



15 



20 



R7 

(R 8 R 9 C)n - 
R2u 



Ml 



(RSRSC^ 



CI 
CI 



RlLi 



Rd 

(RSRSC^ 
R7 



R7 

(R 8 R 9 C)n 



-RC 

| i ^R2 

(R8R9C)n Rd 



RC 

I 
f 
I 

I 
J 

Rd 



X = ClBr.lorO-tosyt; 



H 2 Rd 



R1 
CI 




[0019] Additional methods for preparing metallocenes of the present invention are fully described in the Journal of 
Qrqanomgfellip Qhem., volume 2g& (1985), pages 63-67, and in EP-A- 320762, for preparation of the metallocenes 
30 described, both of which are herein fully incorporated by reference. 

[0020] Illustrative but non-limiting examples of some preferred metallocenes include: 

Dimethylsilandiyfbis (2-methyl-4-phenyl-1 -indenyl)ZrCI 2 

Dimethylsilarxjiylbis^ 
35 . Dimethylsilandiytois(2-mett 

Dimethy1silandiylbis(2-ethyl-4-phenyl-1 -indenyl)2rCl2 ; 

Dimethylsilandiytbis (2-ethyl-4-naphthyl-1-indenyl)ZrCI 2 , 

Phenyl(Methyl)silarKiiytbis(2^ 

Dimethylsilandiyibis(2-me^ 
40 Dimethylsilandiylbis(2-methy-4-(2-naphtrtyl)-l -indenyl)ZrCI 2 , 

Dimethylsilandiylbis(2-methyl-indenyr)ZrCI 2 , 

Dimethylsilandiytbis(2-mem^ -indenyl)ZrCI 2 , 

Dimethylsilandiylbis(2,4,6-trimethyl-1 -indenyi)ZrCI 2 . 

Phenyl(Methyl)silandiylbis(2-rr^ 
45 1,2-Ethandiytws(2-methyK6-^ 

1 ,2-Butandiybis(2-methyl-4 l 6-diisopropyl-1 -indenyl)ZrCI 2 , 

DimethylsilarKliylbis(2-methyl-4-ethyl-1 -indenyl)ZrCI 2 . 

Dimeth^landiylbis(2-mefr^ -indenyl)ZrCI 2 , 

Dimett^silarKiiy!bis(2-metr^^ 
so Phenyt(Methyl)silandiytb!S(2-me^ -indenyi)ZrCI 2 , 

Dimethylsilarxliylbis(2-ethyl-4-methy|.1 -indenyl)ZrCI 2 , 

Dimethylsilandiylbis(2,4-dimethyl-1 -indeny1)ZrCI 2 , 

Dimethylsilandiytbis(2-methyl-4-ethyl-1 -indenyl)ZrCI 2 . 

Dimethylsilarxiiylbis(2-methyl-a-acer^ 
55 Phenyl(Methy0silarKliyibfS(2-methy}-4 l 5-benzo-1 -indenyOZrCfe. 

Phenyl(Methy0silarxliylbis(2-methyl^,5-(m 

Pheny!(Methy0silandiy1bis(2-^ 

Phenyl(Methyl)silandiyibis (2-methyl-a-acenaphth-1-indenyl)ZrCI 2 , 
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1,2^E^arK«yibis(2-methyM,5-benzo-1-indenyl)ZrCl 2 , 

1 ( 2-Butahdiylbis(2-methyM,5^enzo-1-indenyl)ZrCl2, 

Dimethylsilandiybis(2-methyl-4,5-ben20-1-indenyl)2rCI 2 . 

1 ,2-Ethandiyibis(2 l 4,7-trimethyl-1 Hndenyl)2rCI 2 , 
5 Dimethylsi!andiybis(2-methyl-1-indenyl)2rCl2, 

1 ,2-Ethandiyfois(2-methyl-l -indenyl)ZrCI 2 , 

Phenyl(Methyl)silandiyfois(2-me^ 

Diphenylsilandiyfois(2-metnyl-l -indenyl)ZrCI 2 , 

1 ,2-Butandiylbis(2-methyl-1 -indenyf)ZrCI 2 , 
10 Dimethylsilandiyfois(2-ethyl-1 -indenyl)ZrCI 2 , 

DimethylsilarKjiyfois(2-methy^^ 

Phenyl(Methyl)silandiylbis{2-methyl-5-isobutyl- 1 -indenyl)ZrCI 2 , 
DimethylsilarKjiybis(2-methyl-5-t-butyl- 1 -indenyl)ZrCI 2 . 
DimethylsilarKljytois(2,5,6-trimethyt-l-indenyl)ZrCI 2t and the like. 



75 



[0021] Some preferred metallocene catalyst components are described in detail in U.S Patent Nos 5 149 819 
5,243.001 , 5,239,022, 5.296,434 and 5,276,208 all of which are herein fully incorporated by reference. 
[0022] The terms "cocatalyst" and "activator are used herein interchangeably and are defined to be any compound 
or component which can activate a bulky ligand transition metal compound or a metallocene. as defined above. Alumox- 
20 ane may be used an activator. There are a variety of methods for preparing alumoxane. non-limiting examples of which 
are described in U.S. Patent No. 4,665.208. 4,952,540, 5.091,352. 5.206,199, 5,204.419. 4 874 734 4 924 018 
4,908.463. 4,968.827, 5,308.815, 5,329.032, 5,248.801, 5,235,081, 5,157,137, 5,103,031 and EP-A-0 561 476 EP-B1- 
0 279 586. EP-A-0 594-218 and WO 94/10180, each of which is fully incorporated herein by reference. It may be pref- 
erable to use a visually clear methylalumoxane. A cloudy or gelled alumoxane can be filtered to produce a clear solution 
25 or clear alumoxane can be decanted from the cloudy solution. 

[0023] It is also within the scope of this invention to use ionizing activators, neutral or ionic, or compounds such as 
tri(n-butyl)ammonium tetrakis(pentaflurophenyl)boron. which ionize the neutral metallocene compound. Such ionizing 
compounds may contain a active proton, or some other cation associated with but not coordinated or only loosely coor- 
dinated to the remaining ion of the ionizing compound. Combinations of activators are also conterrplated by the inven- 
30 tion, for example, alumoxane and ionizing activators in combinations, see for example, WO 94/07928. 

[0024] Descriptions of ionic catalysts for coordination polymerization comprised of metallocene cations activated by 
non-coordinating anions appear in the early work in EP-A-0 277 003, EP-A-0 277 004 and US patent 5 198 401 and 
WO-A-92/00333 (incorporated herein by reference). These teach a preferred method of preparation wherein metal- 
locenes (bisCp and monoCp) are protonated by an anion precursor such that a alkyl/hydride group is abstracted from 
35 a transition metal to make it both cationic and charge-balanced by the non-coordinating anion. 

[0025] The term "noncoordinating anion" means an anion which either does not coordinate to said cation or which is 
only weakly coordinated to said cation thereby remaining sufficiently labile to be displaced by a neutral Lewis base 
-Compatible" noncoordinating anions are those which are not degraded to neutrality when the initially formed complex 
decomposes. Further, the anion will not transfer an anionic substituent or fragment to the cation so as to cause it to form 
a neutral tour coordinate metallocene compound and a neutral by-product from the anion. Noncoordinating anions use- 
ful in accordance with this invention are those which are compatible, stabilize the metallocene cation in the sense of 
balancing its ionic charge in a +1 state, yet retain sufficient lability to permit displacement by an ethylenically or acety- 
lenically unsaturated monomer during polymerization. 

[0026] The use of ionizing ionic compounds not containing an active proton but capable of producing the both the 
45 active metallocene cation and an noncoordinating anion is also known. See. EP-A-0 426 637 and EP-A- 0 573 403 
(incorporated herein by reference). An additional method of making the ionic catalysts uses ionizing anion precursors 
which are initially neutral Lewis acids but form the cation and anion upon ionizing reaction with the metallocene com- 
pounds, for example the use of tris(pentafluorophenyl) boron. See EP-A-0 520 732 (incorporated herein by reference) 
Ionic catalysts for addition polymerization can also be prepared by oxidation of the metal centers of transition metal 
so compounds by anion pre-cursors containing metallic oxidizing groups along with the anion groups see EP-A-0 495 375 
(incorporated herein by reference). 

[0027] Where the metal ligands include halogen moieties (for example, biscydopentadienyl zirconium dichloride) 
which are not capable of ionizing abstraction under standard conditions, they can be converted via known alkyiation 
reactions with organometallic compounds such as lithium or aluminum hydrides or alkyls. alkyialumoxanes Grignard 
55 reagents, etc. See EP-A-0 500 944 and EP-A1-0 570 982 (incorporated herein by reference) for in situ processes 
descnbing the reaction of aJkyl aluminum compounds with dihalo-substituted metallocene conpounds prior to or with 
the addition of activating anionic compounds. 

[0028] Methods of supporting ionic catalysts comprising metallocene cations and noncoordinating anions are 



40 
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described in WO91/09882, WO 94/03506 and in copending U.S. Ser. No. 08/248.284, filed August 3 1994 (incorpo- 
rated herein by reference). The methods generally comprise either physical adsorption on traditional polymeric or inor- 
ganic supports that have been largely dehydrated and dehydroxylated, or using neutral anion precursors that are 
sufficiently strong Lewis acids to activate retained hydroxy groups in silica containing inorganic oxide supports such that 
5 the Lewis acid becomes covalentiy bound and the hydrogen of the hydroxy group is available to protonate the metal- 
locene compounds. 

[0029] The polymerization method of this invention can be a solution, slurry or bulk phase process. Further, gas phase 
processes can be used as long as a support, rf used, is chosen that will not significantly interfere with the polymerization 
of the pendant unsaturate site. In a solution process, toluene, heptane, octane, pentane and hexane are suitable sol- 

io vents, however any hydrocarbon or solvent will work in the practice of this invention. 

[0030] The catalyst system may be introduced into the reaction zone as independent conponents in a solvent or dilu- 
ent or as the combined product in a solvent or a diluent. Likewise, the monomers, in bulk or in solvent or diluent can be 
introduced into the reaction zone as a separate feed, or may be combined with one or the other of the catalyst system 
components. Furthermore, the catalyst components can be suspended or dissolved in the monomers themselves and 

75 thereafter fed into the reaction zone. 

[0031] The various reactors operate in standard conditions far solution, slurry, bulk or gas phase reactors known to 
those of ordinary skill in the art. For example, a transition metal compound such as bis-cyclopentadienyl zirconium 
dichioride combined with methylalumoxane may be suspended in toluene and a quantity of propylene with a,cHliene(s) 
is suspended in a second quantity of toluene, then the two toluene compositions are charged into a reactor and allowed 

20 to react for about 1 minute to about 10 hours at a temperature of about 0 to about 250 °C and at a pressure of about 1 
to about 1 5 psi (about 7 to about 1 04 MPa) to produce a diene modified polymer. 

[0032] Process conditions may affect the level of comonomer concentration and the ability to obtain a gel-free product. 
Solution polymerization conditions as opposed to bulk pdymeriztion, appear to enhance the production of gel-free 
product. 

25 [0033] A two stage polymerization process may be used in order to increase melt flow rate and broaden molecular 
weight distribution. This process involves a first stage wherein high molecular weight (greater than 200.000 weight aver- 
age molecular weight) diene modified polymer is produced without hydrogen and a second stage wherein hydrogen is 
introduced into the reactor to produce a lower molecular weight fraction. The concentration of hydrogen used in the sec- 
ond stage will depend upon the type of polymer made and the melt flow rate desired. 

30 [0034] Scavengers and other additives may be used in the polymerization process of this invention. Scavengers 
include such compounds as triethytaluminum (TEAL), trimethylaluminum (TMAL), tri-isobutylaluminum (TIBAL), tri-n- 
hexylaluminim (TNHAL), and diethyl aluminum chloride (DEAC) and the like. 

[0035] The diene modified polymers of the invention may contain anywhere from .00003 to 5.00 mole percent a-w 
diene, preferably from about 0.00005 to about 1 mole percent a-©-diene, even more preferably from about 0.0005 to 
35 about 0.5 mole percent a-^iene. even more preferably from about .0005 to about .2 mole percent a-to-diene, and 
most preferably from about 0.005 to about 0. 1 5 mole % a-co-diene. 

[0036] To be of practical value, the molecular weight of the diene-modified polymer should be in the range of from 
about 50,000 to about 700.000, preferably from about 100.000 to about 600.000. even more preferably from about 
300,000 to about 550,000 weight average molecular weight. (Unless otherwise specified, all references to molecular 
40 weight are weight average molecular weight.) Preferably the melt flow rate of the polymer is in the range of from about 
.03 dg/min to about 1 00 dg/min, more preferably from about .05 dg/rnin to about 50 dg/min. 

[0037] It may be necessary to use a chain transfer agent such as hydrogen to control the melt flow rate and/or molec- 
ular weight of the final polymer product For instance, if the catalyst system selected tends to produce polymer having 
a molecular weight that is above about 800,000, then the use of hydrogen to control molecular weight will facilitate diene 

45 incorporation such that a gel-free product may be obtained. 

[0038] As used herein, "essentially gel-free" means that. (1 ) using the rheological test, considering the cross-over of 
G' (storage modulus) and G" (loss modulus) in the test frequency range, if the G' is always above G" the polymer is 
assumed to be in an elastic network structure containing gels; or (2) during the MFR test, the polymer does not remain 
powdery (mete) or when the polymer extrudate comes out of the capillary, the polymer does not exhibit extensive swell - 

so ing; or (3) during the preparation of compression molded films, no gels are visible. Thus for the polymers of this inven- 
tion there is a cross-over of G' and G"; the MFR can be determined without extensive swelling and the polymer 
completely melts; and no gels are observed when the polymer is used to make molded films. 
[0039] Metaltocene catalyzed homopolymer typically has a molecular weight distribution (Mw/Mn) of from about 2.1 
to about 2.5. The diene modified polymer of this invention may have a molecular weight distribution of from about 2.1 

55 to about 30. preferably from about 2. 1 to about 20. even more preferably from about 2. 1 to about 1 5. In contrast Zeigler- 
Natta catalyzed ethylene/diene or propylene/diene copolymers typically have a molecular weight distribution in the 
range of from 4.0 to 7.5 compared to Zeigler-Natta catalyzed homopolymer which typically has a molecular weight dis- 
tribution of from 2.5 to 5.0. Thus the change in molecular weight distribution upon diene modification seen in the diene 



BNSDOCID: <EP 094201 7A2_I_> 



9 



EP 0 942 017 A2 



modified polymers of this invention as compared to their homopolymer counterparts prepared using the same catalvst 
at low shear rate indicates higher melt strength. The diene modified polymers of the present invertion exhtoit a ZI 

mTofTo^^lon^ r or fr6quency 38 co,wd CESSSSES 

ZSSir^ " 636161 10 Pr0C6SS " h3Ve **" me,t as """Wed to a propane 

[0042] Alternatively a-olefin polymers, particularly polypropylene, may be modified with a diene preferably a norva- 
«H*ene. and then irradiated to cause chain extension. We have found thai when metaHocen i£Z S 
propane copolymer is exposed to irradiation such as E-beam irradiation, there is an increase in So£!2S 

^SS^urTrS 

SJ^I *°"!i expect ^degradation of the copolymer and/or crosslinWng ipon irradiation, however we have 
found that when cert™ metaltocene catalyzed diene modified propylene copolymers* the presem Son afe inJ 

£3 ^e^nSE^ are "T^ ^ 35 * ** ^ubilrty in'eZ^ne 

[0044] The diene modified propylene copolymers which are subjected to irradiation may contain up to 20 mole oercent 

t^d^e ' ^ frOmabOU,2 - 5toabOU,10 ° de P endi "9 on » e ■*»*» of irradiation, amount of dtene Z 
[004q Preferably there is at least a 1 5% increase in molecular weight upon irradiation, even more preferably at least 

there e preferably at least a 15% increase .n the molecular weight distribution of the polymer, more preferably at leas 
a50% -ncrease even more preferably at least a 100% increase and even more prefeSJytf 
molecular weight distrubution upon irradiation of the diene modified polymer 



i„ « ii^fS ,ene(TDD) ' 1 ^ecad.ene. 1.7-octadiene (OD) and norbornadiene were used to modify pro- 
25 . riST P^T 6 " 28 * 0 " reactions usi "9 Cerent amounts of diene. Two different catalyst syWwero 
used. Inthehrst series of polymerizations, propylene was modified with 1 ,13-tetradecadiene 1 Wecadiene 17-ocT 

?73^^^ 0 ;tS^: eny, ^ ln ^ Series « P^^^tlorW. propylene wS win 
^S^J ^^^ 8 ^^ e r 6,a,l0Cene ^-^^^^^'yi^-methyfindeny.)^ 
S ZhIohS. JS P 4 8 ^ 2 ( ^ 2 ^ eth y" nden y | )2rCy activated with methylalumoxane. The physical properties of the 
diene modified polymers were characterized and are discussed below e 

I ?° 47 Lx Mef,ftoW rate (MFR) 81X1 and molecular weight distrbution (MWD) were measured using the cross-over mod- 

TnT^T^' / ( 981) - MFRS were also measured «*nfl ASTM D-1238 at 230«C and 2 16 to load 

t^re^r^T T^i" 3 ' te T' e StrCn9,h ' e,0n9ati0n * break) ™ AS™ D , 708^ 

D^^ZlTn * i^? 09 * 03 ' Pr0Perti6S (G ' G "• 8n COmp,eX viscosi *> were ^ermlned on e Rheometri* 
3ST SSLZf 8 !! 3 ] Tif^ C ° ne and Plate Con,i 9 urati " 1 ^ compression moWed samples. 
inUS oSS^ST"^ n6d ^ ^f-rnethylindenyljarconium dichloride is prepared by the method disclosed 

DM taE2ES2? n r^ r °!i 1 I. 2 l 9 V iled *** 26 ' 1993 ^ grated herein by reference^ 

♦I 1 /I * 961 forfnaton ,s determined by the Soxhlet extraction technique which generally is as follows Anorm 
m^y 0.5 gm of sampte is ptoced in a dry cellulose microthimtte. The thimSe is stapS ZSj ^«eS 
dj^natescapedunngtheextractfon.TheweigWofmetttmtx^ 

is Removed and dried thoroughly under vacuum until it reaches constant weight (y). The percent gel is equal to y/x 



<EP 094201 7A2_I_> 



10 



1 



EP0942017A2 

Examples 1-15 

[0050] The polymerizations were carried out as follows. A 1 -liter autoclave reactor was charged with 0 5 ml 1 molar 
triethyl aluminum (TEAL) as a scavenger, followed by 1 .1 3-tetradecadiene in 2 ml of toluene. 300 ml of toluene and 1 50 

5 ml of propylene. The temperature of the reactor was equilibrated at the desired temperature and 3 mg of dimethylsilanyl 
bis(indenyl) hafnium di-methyl and 5 mg of (N. N-dimethylanalynium perflurotetraphenyl boron) dissolved together in 
toluene (1 ml) was injected into the reactor. The polymerization was allowed to run for 30 minutes then the reactor was 
vented to stop the reaction. The recovered solid polymer was precipitated into methanol, filtered and dried. The data 
and conditions for the polymerization runs are shown in Table 1 . The physical properties of the resulting diene modified 

io polymers are shown in Table 2. 



Table 1 



Example 


Propylene/Comono- 
mer (ml) 


Comonomer (mole%) 


Temperature (°C) 


1 


150/- 


0 


40 


2 


150/0.05 


1.18E-2 


40 


3 


150/0.2 


4.7E-2 


40 


4 


I 150/0.4 


9.4E-2 


40 


5 


150/0.5 


1.18E-1 


40 


6 


150)0.7 


1.64E-1 


40 










7 


150/- 


0 


60 


8 


150/0.2 


4.7E-2 


60 


9 


150/0.4 


9.4E-2 


60 


10 


150/0.6 


1.41E-1 


60 


11 


150/0.7 


1.64E-1 


60 


12 


150/0.9 


1.64E-1 


60* 










13 


150/0.48* 


1.41E-1 


40 


14 


150/0.39* 


• 1.41E-1 


40 


15 


150/0.28° 


1.41E-1 


40 



* Polymer was cross-linked. 



a - 1 ,9-decadiene 
b - 1 ,7-octadiene 
c - nortxxnadiene 
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Example 


Comonomer 
(mole%) 


MFR (do/min) 


ML /M 


Modulus 
(psi/MPa 


Tensile 
Strength 
(psi/MPa) 


Elongation at 

D, WR ( fa) 
















i 


0 


1.76 


2.44 


66,020/455 


5,323/36 


747 


2 


1.18E-2 


1.25 


r 2.33 


65270/456 


5.565/38 


749 


3 


4.7E-2 


3.0 


274 


79,470/547 


6.699/46 


787 


4 


9.4E-2 


2.48 


2.93 


65.760/453 


5,445/37 


755 


5 


1.18E-1 


0.7 


4.4 


59.130/407 


5,480/37 


_ 727 


6 


~ 1.64E-1 


213 


17.0 


72.990/503 


6,116/42 


725 


7 


0 


8.47 


2.34 


63.430/437 


5,557/38 


779 


8 


"~ 4.7E-2 


3.94 


2.85 








9 


9.4E-2 


U.Otl 




64,430/444 


4,798 


654 


10 


" 1.41E-1 


10 


6.42 








11 


1.64E-1 


2.86 


8.5 


66,120/455 


5,744/39 


768 


13 


1.41E-1 


0.91 


6.06 








14 


1.41 E-1 


1.85 


2.35 








15 


1.41 E-1 


2.01 


2.78 








16* 
* Escorene 




2.1 




54.800/377 


6,272/43 


841 



Examples 17-23 



Table 3 



.50 



55 





Comonomer/Mole% 


T m (°C) 
















17 


OD/D 


150.1 


600,000 


2.0 


18 


OD/0.0079 


149.1 


670,000 


2.6 


19 


OD/0.015 


149.6 


780,000 


2.8 


20 


OD/0.032 


148.3 


760,000 


4.14 


21 


TDD/0.0047 


149.6 


930.000 


2.7 


22 


TDD/0.0094 


150.4 






23 


TDD/0.023 


149.6 
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Comparative Examples 24-27 

[0052] Propylene was copolymerized with varying amounts of 1.13-tetradocadiene using the Zeigter Natta catalyst 
system TOHO-THC-131-2, a magnesium supported Zeigler-Natta catalyst commercially available from Toho Titanium 
Company. Limrted (Japan). Polymerizations were carried out as follows. A typical polymerization consisted of adding to 
a 2 liter apperdave reactor. 1000 ml. of propylene, a premixed solution containing 2 ml. of 1M triethytaluminum in hep- 
tane and 2 ml. of 0. 1 M methylcyclohexyldimethyoxysilane in heptane, the indicated amount of 1 . 1 3-tetradecadiene and 
70 mmol. of hydrogen A catalyst solution, approximately 50 mg. of a 15 wt% mineral oil solution, was then injected into 
the reactor via 250 ml. of high pressure propylene. The reactor temperature was raised to 70°C within about a minute 
penod. The reaction was limited to 1 hour. Results are reported in Table 4. 



Table 4 



15 



20 



Example 


TDD (mis) 


MFR 


MWD 


24 


0.0. 


6.82 


4.89 


25 


0.1 


6.58 


5.06 


26 


0.2 


5.51 


4.82 


27 


0.3 


5.68 


4.80 



25 



30 



35 



40 



45 



SO 



55 



[0053] As can be seen from this data, incorporation of 1 . 1 3-tetradecadiene using a Zeigler Natta catalyst system does 
nol t signrfcantly affect the molecular weight distribution of the polymer. The absence of shear thinning behavior is evi- 
dent in Figure 6. 

[0054] The relationship between viscosity and frequency for some of the diene modified polymers are shown in Fig- 
ures 1 -7. Figure one illustrates this feature of the diene modified propylene of Examples 5 and 6 as compared to Exam- 
ple 1 which is the non-modified homopolypropylene. As can be seen in this figure, the melt viscosity for the inventive 
polymer at thefrequency of 0.1 rad/s is significantly higher in comparison to Example 1. In addition, invention Exanples 
5 and 6 nave enhanced shear thinning behavior as compared to homopolypropylene. 

[0055] Figure 2. demonstrates the relationship between viscosity and frequency for the diene modified polymers of 
examples 9, 10. and 1 1 as compared to the homopolypropylene of Example 7. The viscosity at a frequency of 0 1 rad/s 
«L=^ m f (non " diene modified ) is significantJy lower than Example 1 (shown in Figure 1). This is due to the higher 
MFR of Example 7 as compared to Example 1 (8.47 dg/min as compared to 1 .76 dg/min). At a frequency of .01 rad/s 
the diene modrfied polymers of Examples 9. 10 and 1 1 show a significantly better melt viscosity in comparison to Exam- 
ple 7. More importantly, the shear thinning behavior of the diene modified polymers is much better in comparison to the 
homopolymer of Example 7. 

[0056] Figure 3 demonstrates the relationship bewteen viscosity and frequency for the diene modified polymers of 
Examples 5 and 6 as compared to a commercially available polypropylene (Example 16) which has a MFR of 2 1 
ag/min and is used commercially for thermoforming applications requiring high melt strenghth. The diene modified pol- 
ymers of Examples 5 and 6 show a significantly higher mett viscosity at a frequency of .1 rad/s and more importantly 
supenor shear thinning behavior. *' 

[0057] Figure 4 demonstrates the relationship betwen viscosity and frequency for the diene modified polymers of 
7?!!!3 ,14, and15as compared to the homopolymer of Example 1 . Examples 13 and 1 4. which are modified with 
1 ,7-octad.ene and norbomadiene respectively, show a small improvement in mett strength and shear thinning behavior 
^.T^ to J xam P ,e V Exam P le 13 ' which is modified with 1 .9-decadiene shows significant enhancement in both 
mat strenght and shear thinning behavior as compared to the homopolymer of Example 1 . 

[0058] Figure 5 demonstrates the relationship betwen viscosity and frequency for the diene modified polymers of 
f^Tj „ !. SB com P ared t0 *>«> homopolymer of Example 1. The polymer modified with 1.1 3-tetradecadiene 
(Example 5) has much improved shear thinning characteristics and mett strength. The polymer modified with 1 ,7-octa- 
Oiene (Example 14) shows slight improvement 

[0059] Rgure 6 demonstrates the relationship betwen viscosity and frequency for the diene modified polymers of 
comparative examples 24-29 which were prepared usng the Zeigler Natta catalyst TOHO-THC-131-2 (obtained from 
mlfm ^ " m Compan * Umited " ■» evklent torn this figure that shear thinning behavior is not improved 
7T:L^? J Ure =I Sh0WS * e re,afonsni P between viscosity and frequency for the diene modified polymers of Examples 
.Zl^f, T 1.7-octadiene) and 21 (modified with (1.13-tetradecadiene) as compared to control Example 17 
Oiowlymer). As is evident the diene modified polymers of Examples 18 and 21 have improved shear thinning 
Denavior and melt strength 
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Examples 28- 33 



15 



[ ° 06 , 1 , 1 Pr Wlene was copolymerized with dicydopentadiene and the resulting copolymer was compression molded 
into «ms wh IC h were then subjected to varying amounts of E-beam irradiation. l^^y^eZ^^Z^. 

W ? 9ht "SS* 0 " ***** W6re de,ermined - The 'esu^aTeTeported in TaSe 5 
0062] The polymenzaton procedure was as follows. A 1L autoclave reactor was charged with 500ml of oroovtene 

The catolyst was charged .nto the reactor using a high pressure catalyst tube and polymerization was continued for 2 
SS? *cycloperrtad.ene. After extraction, the polymer was dried under vacuum at 60°C 

[0063] The polymer was then compression molded into films which were subjected to E-beam irradiation at the van- 

EiSTS? oel STi T" ,i,mS ^ CharaC,6riZ6d by ^ 80X161 SnS d^cnS 

aoove to determine gel content. The results are reported in Table 5. 



Tables 



20 



25 





E-Beam Dose (Mrad) 


Mw 


Mw/Mn 


%Gel 


28 


0 


50,700 


2.79 


4.6 


29 


1 


50,500 


3.03 


2.7 


31 


3 


56,730 


3.46 


1.0 


32 


5 


61.600 


3.94 


1.0 


33 


10 


85,290 


6.95 


1.4 



XL JHZ < J!f5 ti0n iS int6nd6d 10 6XSmplify preferred embodiments of the invention. The invention 

30 tSS^SS^ not necessarily within the scope of any express example or embodiment recited 
ao The invention, therefore, is limited only as set forth in the appended claims. 

Claims 



35 



40 



1; ^ n ^! i ?J^ a o rt ! C ^ 6ne P0,ym6r havin9 8 Mett Flow rate °t from 0.03 to 100 dg/min [page 16 line 2] 
Z^^ZZlTJi J 30 , T Pri f in9 Pr ° Py,6ne unte ' from *»* 0 00005 to ^ 5 P^ent of atoha 
aS^StSJm ^ fe eSSenfi8,,y 961 ^ 35 d6f in6d h6r6in and iS «*0 a met- 

2 ' moTp* SSe^ir^" me dieTO fe PreS6rt 31 3 COnCem,a1i0n " *• ran96 01 fr ° m 0 0005 10 0 5 

3 - mT^^^ 



45 4. 



50 



55 7. 



™!X !'^!!!^l!!r y ^ C,aims 1 to 3 wherein the ^ymer has a viscosity that is higher at 0.1 raoVs as com- 
^Z^r^ ' 8 ^ ^ di6TO " h,n *• hom °P°^ r * otherwise prepared under the 



5. Polymer according to any of claims 1 to 4 wherein the diene is linear [page 4 line 24]. 

iT? JJS^h . !1 ^! 6 ' 1 - 8 ^ onad ' ene . 1 10-undecadiene. 1,11-dodecadiene. 1,15-hexadecadiene 
1.17-octadecadiene and norbornadiene. ^^^^ ■ 



d^i^; n ^;r n t whe " n *• diene is ^ fro,n *• 9ro * * 1 • 13 «— — * 1 * 



8. Polymer according to any of claims 1 to 7 in which the polymer is prepared using a metallocene catalyst system in 



14 
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a solution process [page 15 line 65] 
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1.0EtO6 




FREQUENCY (RAO/5) 

— EXAMPLE 7 
■ EXAMPLE? 
— *— SCAMPISH 
— • — EXAMPLE -0 
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FREQUENCY (RAD/S) 

— •— EXAMPLE 1 
— m— EXAMPUE6 
— EXAMPLE 16 
— EXAMPLES 
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5£EtC'5 



1UE*G5 



a 

v% 

£ 

g 
o 

> 
2 



l.G&*04 



O 

a 




I.QEKXD KOE-HjI 

FREQUENCY (RAD/5) 

• EXAMPLE 1 
■ EXAMPLE 14 
— EXAMPLE 13 
EXAMPLE 15 



l.QE*G3 
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1.0E+G1 

FREQUENCY (RAD/S) 

• EXAMPLE 1 
■ -EXAMPLE 14 
•— EXAMPLES 



1.0E*O3 
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eg_f 24 




eg.f 25 


□ 


eg. #26 


e 


eg.t 27 




10 



10 J 



10° io 1 10 = 

FREQUENCY (RAD/S) 



10 J 
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1.0E4G6 



I.QM5 



1.0E*04 



l.OE+03 

IJ3E-C2 




FREQUENCY (RAO/5) 

• EXAMPLE 17 
■ EXAMPLE 18 
— *— EXAMPLE 21 



1.0E+O2 U£-»G3 
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